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A B S T R A C T 
We propose the use of a polarization based interferometer with variable transfer function for the 
generation of temporally flat top pulses from gain switched single mode semiconductor lasers. The main 
advantage of the presented technique is its flexibility in terms of input pulse characteristics, as pulse 
duration, spectral bandwidth and operating wavelength. Theoretical predictions and experimental 
demonstrations are presented and the proposed technique is applied to two different semiconductor 
laser sources emitting in the 1550 nm region. Flat top pulses are successfully obtained with input seed 
pulses with duration ranging from 40 ps to 100 ps. 
1. Introduction 
Optical pulses with duration of tens of picoseconds find 
application in a wide variety of fields: optical communication 
channels, imaging, material processing, sensing, optical scanning 
and ranging [1 ]. Pulse temporal profile is often relevant, as specific 
applications require the use of particular pulse shapes. This is the 
case of flat top pulses which are employed in a large variety of 
applications, e.g. retiming of high data bit rate optical commu-
nication channels in C band [2], efficient pumping of free electron 
lasers in the deep Ultra Violet wavelength region [3] and ampli-
tude and phase characterization of ultra-short pulses [4], 
Common methods for flat top pulse generation are based on 
spectral filtering of Gaussian, transform limited, ultra-short pulses 
obtained from mode locked lasers [5]. The general approach is 
based on pulse spectral filtering by means of a specifically 
designed photonic device, adapted to the intensity and phase 
profiles of the seed pulse. The required photonic filter can be 
implemented with interferometers [6-8], Fiber Bragg Gratings 
(FBGs) [9-11] or optical differentiators [12,13]. 
Usually there is a compromise between device design, imple-
mentation and tunability. All fiber implementation is usually 
designed only for a specific input pulse, which has been previously 
carefully characterized. Free optics elements and movable parts 
allows the modification of the photonic filter Transfer Function 
(TF) and tunability of the device in terms e.g. of obtainable output 
pulse profiles, operating wavelength and input pulses. The most 
general case of arbitrary pulse shaping uses a pair of diffraction 
gratings and a programmable spatial mask: the spectral content is 
dispersed, properly filtered and then recombined [14]. This solu-
tion is widely flexible, but bulky. More recent works have reported 
fiber implementation and some degree of freedom on its TF 
given by mechanical action on the fiber. For example, in [7] the 
Extinction Ratio (ER) of a dual mode fiber interferometer is tuned 
by twisting the dual mode fiber. In a similar way, in [12] the 
spectral transmission dip of the proposed differentiator is varied 
by applying axial straining to the Long Period Fiber Grating (LPFG). 
However, apart from the ER tuning, the spectral characteristics of 
the filter, e.g. the Free Spectral Range (FSR) of the interferometer or 
the central frequency of the differentiator, cannot be varied, thus 
fixing the operating wavelength and limiting the spectral char-
acteristics of the allowed input pulses. 
We have previously proposed a hybrid fiber and free space 
optics implementation of a polarization based 50:50 Mach-Zehnder 
(MZ) interferometer with variable delay, for pulse shortening of 
gain-switched (GS) single mode semiconductor lasers [15]. The 
spectral TF of the proposed device was properly tuned for 
suppressing the red frequencies side of the pulse spectrum, thus 
reducing the falling edge of the pulse temporal profile and its total 
duration. In [15] pulse shortening has been demonstrated with a 
Distribute Feedback (DFB) laser and a Vertical Cavity Surface 
Emitting Laser (VCSEL), both emitting in the 1550 nm region. The 
pulse at the interferometer input had durations in the range of 
tens of picoseconds, typical of GS lasers, similar to the pulses 
presented in this work. 
In this manuscript, we extend our previous work with the 
implementation of a polarization based interferometer, similar to 
the one presented in [15], in which the input coupling, output 
coupling and temporal delay between the two arms can be easily 
tuned. We demonstrate flat top pulse generation from a DFB laser and 
a VCSEL operating at different wavelengths in the 1550 nm region. 
Different pulses were generated from the GS devices by varying the 
gain switching parameters and flat top pulses are obtained in all cases 
by properly tuning the interferometer parameters. 
This work is organized as follows: the principle of operation of 
the proposed technique and the performed numerical simulations 
are presented in Section 2; Section 3 describes the experimental 
results and in Section 4, the main conclusions are presented. 
2. Principle of operation and numerical simulations 
The principle of operation of the proposed technique is based 
on the use of a chirped pulse at the interferometer input. Pulse 
shaping is obtained with spectral amplitude filtering, based on the 
time-frequency correspondence of the input chirped pulse. The 
central part of the pulse spectrum, which corresponds to the pulse 
peak in time, is properly attenuated in order to flattens the pulse 
peak in time and obtain a flat top temporal profile at the 
interferometer output. This corresponds to use a notch-like filter, 
with minimum of transmission placed at the pulse spectrum 
central frequency and with suitable notch depth. 
The proposed notch filter is an interferometer with variable TF, 
in which the ER can be changed by varying the coupling ratios 
between the two interferometer arms (k^ and k2) and its FSR can 
be tuned by varying the temporal delay r between the interfe-
rometer arms. Experimentally, this solution is implemented with a 
polarization based interferometer, described in detail in Section 3. 
Pulses at the interferometer input are generated by gain 
switching a semiconductor laser, which gives almost linearly 
chirped pulses. The entire system has been numerically simulated. 
Pulses at the interferometer input have been obtained in simula-
tions using the density rate equations for photons, carriers and 
phase [15] with typical parameters for a 1550 nm DFB laser [16], 
Pulses are generated by gain switching the laser with the current 
/(t), given by the sum of a Direct Current (DC) term, /BIAS, and a 
sinusoidal current with amplitude /AMP and frequency/Gs, i.e. /(t) = 
'BIAS + /AMP-SÍn(27T/Gst). 
The output pulse power, P(t), and phase, (p{t), are obtained from 
the density rate equations and the pulse complex envelope is 
calculated as £(t) = y/P(t)exp[/^(t)], where t is the time variable 
and j is the imaginary unit. The instantaneous frequency v{t) is 
calculated from the time derivative of the phase, i.e. v{t)={2nYAá 
(<P(t))/dt 
The complex pulse spectrum is then obtained as E(f) = FT[E(f)], 
where FT is the Fourier Transform operator and / the frequency 
domain variable. 
Fig. 1 show the simulation results for /BIAS=ÍTH. ÍAMP=4/TH and 
/GS = 1 GHZ, where /TH is the threshold current of the simulated 
laser. The gain switching parameters (/BIAS, /AMP and/Gs) have been 
chosen in order to have similar results in comparison with 
experiments. The simulated pulses have Full Width Half Maximum 
(FWHM) duration of about 65 ps and a spectral bandwidth at 1/e2 
of 33.5 GHz. 
Typical features of pulses from GS semiconductor lasers can be 
observed in Fig. 1(a): asymmetric temporal intensity profile and 
carrier induced negative variation of instantaneous frequency. In 
Fig. 1(b), the expected broadened spectrum, with intensity mod-
ulation due to the relaxation oscillations at this bias point, and the 
corresponding group delay are shown. 
The interferometer TF, H(f), of a MZ interferometer has been 
numerically implemented as H(f) =j\/k^ (1 - k2)+j-\Zk2(\ - fci) 
exp(j2jtfz) [17] where r is the temporal delay between the two 
interferometer arms and fci and k2 are the coupling ratios at the 
input and output coupler, respectively. For each optical coupler, 
the coupling ratio k is defined as the fraction of output power of 
the output port in direct pass to the total output power. The pulse 
spectrum at the interferometer output is calculated as Eom(f) = 
É(f)H(f) and its temporal complex envelope, Eoln(t), is obtained 
after Inverse Fourier Transforming (IFT), as £oirr(t) = IFT[£OUT(T)]. 
In order to compare the simulated pulses at the interferometer 
output with an ideal rectangular pulse, we introduce a simple Flat 
Top Form Factor (FTFF), defined as: 
FTFF In [y(t)-ym]dt fc [rect(t)-ym]dt (1) 
where y(t) is the pulse under study, rect(t) is an ideal rectangular 
pulse, with constant width given by W=t2-t-i, and t-i and t2 are 
the time instants in which y(t) crosses the threshold value yTH. The 
FTFF definition is schematically depicted in Fig. 2. 
The FTFF gives an estimation of how much the waveform under 
study resembles an ideal rectangular pulse with a given width, set 
by the threshold value yTH. If y(t) is an ideal rectangular pulse, 
FTFF=1, in any other case, FTFF< 1 and its value depends on the 
shape of y(t) and yTH. We set yTH equal to 1/e2 of the pulse 
maximum, which gives FTFF=0.48, for the simulated pulse with 
asymmetric intensity profile shown in Fig. 1. 
We performed simulations with the aim of maximizing the 
FTFF of the output pulse, using at the interferometer input the 
30 
20 
111 
0 
N 
T O 
d" CD 
Li-
en 
-^ 
CD 
>, 
c 
CD 
C 
c 
-10 — 
0 50 100 150 200 
Time (ps) 
-20 
Q. 
>^  
_CD 
CD 
" D 
Q. 
O 
-10 0 10 20 30 40 
Frequency (GHz) 
Fig. 1. Simulation results for the simulated GS DFB laser with /BIAS=ÍTH. ÍAMP=4JTH and / G S =l GHz: (a) Temporal intensity (solid line, left axis) and instantaneous frequency 
(open circles, right axis) and (b) spectral intensity (solid line, left axis) and group delay (open circles, right axis). 
pulse shown in Fig. 1 and varying the interferometer FSR and ER, 
considering that F S R = 1 / T and ER=101og10(PMAX/PMiN). where 
PMAX and PMm are the maximum and minimum transmission of 
the TF of the interferometer, respectively. 
In a first set of simulations the ER was changed and the FSR was 
fixed at a value equal to the pulse bandwidth at 1/e2, 33.5 GHz. 
A minimum of the interferometer TF was placed at the pulse 
spectrum center (/=OGHz in Fig. 1). The ER was varied by 
changing fc2, with fci=0.5. 
The calculated FTFF is shown in Fig. 3, for ER between 0 dB 
(fc2=0, plain TF) and 9.5 dB (fc2=0.2), while Fig. 4(a) shows the 
intensity and instantaneous frequency for three particular values 
of ERs (0 dB, 3 dB and 9.5 dB). 
For ER=0 dB, a value of FTFF=0.48 is obtained corresponding 
to the FTFF of the input pulse. As the ER is increased, the pulse 
peak is progressively flattened and the FTFF increases up to a 
maximum of 0.56, obtained for ER=3 dB (fc2 = 0.025). This case is 
illustrated in Fig. 4(a). For greater values of the ER, the FTFF 
decreases, as the spectral dip in the interferometer TF is more 
pronounced and double peaked pulses are generated at the 
interferometer output, as shown in Fig. 4(a), for ER=9.5 dB. 
Fig. 4(a) also shows that the instantaneous frequency variation 
of the original pulse (about 30 GHz) is maintained. For small 
values of the ER, the spectral phase profile of H(f) presents a 
smooth phase transition, as shown in Fig. 4(b), where a maximum 
phase variation of 0.3 rads is observed. For higher values of ER, the 
phase jump is stepper, until reaching a it transition for the 
maximum ER (fe2 = 0.5), as confirmed by simulations. In Fig. 4 
(c) the intensity and group delay of the output pulse spectrum are 
plotted. It is worth noting that the group delay of the output pulse 
is almost the same than the input pulse (Fig. 1), showing that the 
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Fig. 2. Visual representation of the FTFF definition applied to the simulated input 
pulse, shown in Fig. 1. An ideal rectangular pulse is constructed from y™ and the 
FTFF is given by the ratio between the areas under the rectangular pulse (red line) 
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legend, the reader is referred to the web version of this article.) 
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Fig. 3. The FTFF calculated for FSR=33.5 GHz as a function of the ER. 
temporal distribution of the pulse spectral content is maintained 
after passing through the interferometer. 
A second set of simulations was performed with fixed ER=3 dB 
and varying the FSR. A minimum of the interferometer TF was 
always considered at the center of the input pulse spectrum. The 
calculated FTFF as a function of the FSR and the pulse intensity and 
instantaneous frequency for selected examples are shown in 
Figs. 5 and 6, respectively. 
Maximum values (~ 0.57) of the FTFF parameter are found for a 
FSR between 25 GHz and 30 GHz. The intensity and instantaneous 
frequency obtained for FSR=28 GHz are shown in Fig. 6: a flat top 
pulse with slightly more pronounced oscillations of the peak 
plateau, with respect to the case of FSR=33.5 GHz, is obtained 
and the same total amount of instantaneous frequency variation of 
the input pulse is maintained. 
For smaller values of the FSR, more than one spectral period of 
H(f) falls into the pulse spectrum, thus exiting the regime of 
operation, where a notch-like TF has been assumed as the required 
filter for flat top pulse generation. As an example, the case 
FSR=10 GHz is shown in Fig. 6, where a satellite pulse preceding 
the main pulse peak and an irregular and discontinuous profile of 
the instantaneous frequency can be observed. For FSR>30 GHz, the 
spectral dip in H(f) exceeds the pulse spectral bandwidth, broad-
ening the pulse duration and smoothing the pulse peak plateau, as 
shown in Fig. 6, for the case FSR=60 GHz. 
The result obtained in Fig. 5 is understood as a simple filter 
design rule, following which the optimal value for FSR is slightly 
less than the full pulse spectrum at 1/e2. 
Previous results define two simple conditions for filter design: 
(i) a minimum of transmission of \H(f)\2 must be placed at the 
center spectrum and the FSR has to be in the order or slightly 
smaller than the full spectrum width (measured at 1/e2 of the 
maximum), (ii) small values of the ER (3 dB for the input pulse 
considered in the simulations) are the optimal choice and can be 
obtained with k-i =0.5 and varying k2 until a flat top pulse profile is 
obtained. 
Concerning the spectral phase of the proposed filter, an ideal 
constant phase profile has been assumed describing the proposed 
principle of operation, which is not the case for a real interferom-
eter TF. However, simulations have shown that, for the cases of 
interests, the instantaneous frequency of the output and input 
pulse are similar. This is due to the fact that for the generation of a 
flat top pulse profile a small ER is required, which corresponds to 
smooth spectral phase transitions of H(f), as predicted by theory 
and pointed out in detail in Ref. [12]. In fact, a spectral phase it 
jump at a minimum transmission frequency is expected only in 
case of a 50:50 interferometer, i.e. with maximum ER. For smaller 
values of ER the spectral phase transition is smoother and its effect 
is negligible, as previously shown with presented simulation 
results. 
The proposed technique implies pulse energy loss, as part of 
the input pulse spectrum is suppressed for shaping the pulse 
intensity profile. On the other hand, the small ER required for flat 
top pulse generation causes a total energy loss of 53%, as obtained 
from simulation, by comparing the spectral energy of the output 
and input pulses, in the cases of flat top pulse generation, i.e. 
FSR=28 GHz and 33.5 GHz and ER=3 dB (see Figs. 4 and 6). 
3. Experiments 
The experimental set-up is shown in Fig. 7. The output of a GS 
Laser Diode (GS LD) is split in two paths via a 50:50 fiber coupler: 
one path is directly connected to a fast (20 GHz bandwidth) 
photodiode (PD) and to the channel 1 (CHI) of a digital sampling 
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pretation of the references to color in this figure legend, the reader is referred to 
the web version of this article.) 
oscilloscope (OSC, Tektronix DSA8000) and the other path is sent 
to the interferometer. 
A polarization controller (PC, Newport) is used to align the 
linear polarization direction of the GS LD to the polarization axis of 
the linear polarizer (PI) at the interferometer input. The linear 
polarizer PI and an Erbium Doped Fiber Amplifier (EDFA) are used 
for measuring the interferometer TF when the LD is off and the 
Amplified Spontaneous Emission (ASE) spectrum of the EDFA is 
sent to the interferometer. Spectral measurements are performed 
with an Optical Spectrum Analyzer (OSA, Ando AQ6315B) with a 
FWHM bandwidth of 0.05 nm (6.25 GHz), not shown in Fig. 7. 
The proposed MZ polarization based interferometer consists of 
a first Polarization Beam Splitter (PBS), two optical paths with 
variable temporal difference r, a second PBS and a Rotatable Linear 
Polarizer (RLP). A Half Wave Plate (HWP) is used for rotating the 
linear polarization orientation of the input light with respect to 
the first PBS axes. Varying the angle a, corresponding to the angle 
difference between the polarization orientation after the HWP and 
the first PBS axes, allows changing the ratio of the light sent along 
the two interferometer arms, i.e. varying the coupling factor as 
k1=cos2(a). 
Light travelling along the two interferometer arms with ortho-
gonal polarization directions interfere at the RLP. The angle f¡ at 
which the polarization axis of the RLP is oriented with respect to 
the second PBS axes determines the ratio of the light coming from 
the two interferometer arms interfering at the RLP, thus defining 
the coupling factor k2 as cos2(/?). The RLP is a commercially 
available component (Rotatable Linear Polarizer, OZ Optics) with 
a resolution of 2°. 
The two PBSs and the motorized translation stage are fiber 
coupled and sealed into a small (105 x 51 x 25 mm) metallic box 
(Differential Polarization Delay Line, DPDL, OZ Optics). The trans-
lation stage is computer controlled and the delay r can be varied 
with a nominal resolution of A T = 1 . 6 5 fs. 
For flat top pulse generation, the central wavelength of the 
filter is set after calculation of the delay r, which defines the 
wavelength location of maxima and minima of the interferometer 
TF. This is obtained by imposing that two adjacent maxima of the 
TF occur at X\ and X2, where X\ and X2 are the wavelengths at 
which the input pulse spectrum is 1/e2 of its maximum. In this 
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way a minimum of transmission of \H(f)\2 coincides with the 
central wavelength of the input spectrum at (Ai +A2)/2. 
Experimentally, the minimum step of the motorized translation 
stage, AT, limits the obtainable resolution in setting the FSR and so 
the central frequency of the filter, v0=m- FSR, being m an integer. 
The resolution in the FSR, Ai/, can be estimated as Av SK AT/T 2 , 
yielding values of Av between 16 MHz and 4 MHz, for delays 
between 10 ps and 20 ps (as in this work), respectively. The 
resolution in the central frequency Ai/0, at constant m, is then 
m • Ai/, ranging between 32 GHz and 16 GHz, for the delays con-
sidered. This resolution does not allow fine tuning of v0 for the pulse 
bandwidth considered in experiments (~50 GHz at 1/e2). 
However, as the value of m is high (2000-4000), it is always 
possible to find an interferometer minimum of transmission close 
to the central frequency of the input pulse spectrum by changing 
the delay time and selecting a different value of the integer m. For 
an arbitrary change of the delay r, the distance between the laser 
central frequency and the interferometer minimum of transmis-
sion ranges between zero and FSR/2. It is then possible to tune v0 
after a few trials, in which the translation stage of the DPDL is 
moved a few steps forward and backward with respect to the 
desired delay, until the desired v0 is obtained and a flat top profile 
is observed at the oscilloscope. In our experiments, we were able 
to select the desired v0 with a resolution better than 3 GHz after a 
small number ( < 10) of attempts. 
Pulses obtained at the interferometer output were measured 
with a 45 GHz photodiode (PD New Focus 1014) at the channel 2 
(CH2) of the sampling oscilloscope. 
Two commercially available semiconductor lasers emitting in the 
1550 nm region were used for pulse generation: a DFB laser (Uni-
phase) and a VCSEL (Raycan). Lasers were driven in gain switching 
conditions by means of a Radio Frequency (RF) sinusoidal signal at 
frequency /RF, with nominal output power PRF and a DC current 
term /BIAS. The laser temperature was controlled with a Thermo 
Electric Cooler (TEC) and all measurements are performed at 25° C. 
Fig. 8 shows an example of the generation of a flat top pulse 
from the GS DFB laser. The input pulse had a FWHM duration of 
43 ps, spectral width at 1/e2 of 0.45 nm (56.2 GHz), centered at 
1539.46 nm and a FTFF=0.43. The interferometer parameters 
were finely tuned to optimize the flat top profile by observing 
the temporal shape of the output pulse. Best results were obtained 
with T= 17.94 ps (FSR=55.7 GHz) and ER=8.7 dB. 
Very stable behavior (over 30 min) has been observed in the 
interferometer TF and the output pulse shape, provided that the 
two optical paths of the interferometer were thermally insulated 
from ambient temperature fluctuations. This has been obtained by 
covering the DPDL with a 1.5 cm thick layer of polyurethane. 
The filtered pulses have been characterized by measuring their 
FWHM, FTFF and a Flat Top Width (FTW), defined at 95% of the 
pulse maximum and only pulses with less than 5% dip in the flat 
peak region have been considered. Results are presented in Fig. 8 
(a), where a flat top pulse with FWHM of 61 ps and a FTW of 30 ps 
is shown. The FTFF obtained in this case is 0.54. Fig. 8(b) shows the 
input and output pulse spectra and the measured interferometer 
TF. A minimum of transmission was placed at about 1539.5 nm 
and a double peaked profile of the output pulse spectrum was 
obtained. 
Similar experiments were performed with the GS VCSEL, see 
Fig. 9(a) and (b). The obtained pulses had a FWHM of 69 ps and 
spectral width at 1/e2 of 0.53 nm (66.2 GHz). The calculated FTFF is 
0.5 in this case. The central wavelength of the VCSEL was at about 
10 nm away (1550.6 nm) from the DFB emission, demonstrating 
the tunability of the proposed technique in terms of operating 
wavelengths. In this case, the delay r was set to 12.684 ps and the 
ER of the interferometer was 6.6 dB. The resulting output pulse 
had a FWHM of 104 ps, a FTW of 52 ps and FTFF=0.59. The 
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spectral traces of the input and output pulses and the interferom-
eter TF are shown in Fig. 9(b). Losses introduced by the spectral 
filtering process were experimentally determined by measuring 
the pulse peak amplitude after polarizer PI (input pulse) and after 
P2 (output pulse) and by re moving the EDFA from the set-up. The 
peak power attenuation was about 67%, for both the DFB laser and 
the VCSEL. 
In order to test the flexibility of the proposed technique with 
respect to the input pulse durations, different input pulses were 
considered by varying the gain switching parameters for the 
device under study. The RF power was varied from 5 dBm to 
16 dBm and from 3 dBm to 14 dBm for the DFB laser and the 
VCSEL, respectively. The interferometer TF was varied as described 
previously in order to obtain the best flat top pulse profiles at the 
interferometer output. 
The results are shown in Fig. 10(a) and (b), for the DFB laser and the 
VCSEL, respectively. The pulse FWHM duration of a GS laser decreases 
with increasing PRF, until the second relaxation oscillation is excited 
and long tail or double peaked pulses are generated. The PRF range has 
been chosen such that single peak pulses have been obtained for both 
devices. The FWHM of the generated pulses decreased with increasing 
PRF, from 63 ps to 41 ps and from 105 ps to 69 ps, for the DFB laser and 
the VCSEL, respectively. The pulses obtained from the VCSEL show 
longer duration with respect to the DFB pulses, due to different device 
characteristics and operating conditions. 
In all cases, flat top pulses with flat region oscillations < 5% 
were obtained, by placing a minimum of transmission close to the 
spectrum center and by varying the ER. The pulses obtained at the 
interferometer output had FWHM durations which are about 150% 
longer than the FWHM of the input pulses, for both devices and in 
all cases. 
The FTW obtained at the interferometer output are about the 
70% of the FWHM duration of the input pulses, ranging from 50 ps 
to 29 ps in the DFB and from 77 ps to 52 ps in the VCSEL. The 
FTFF obtained in all experiments was around 0.55 and 0.59 for 
the DFB laser and the VCSEL, respectively. We attribute a greater 
value of the FTFF in the VCSEL to the different gain switching 
conditions and to the long tail of the pulses obtained with the 
DFB laser. 
4. Conclusions 
In this work, we propose a pulse shaping technique for the 
generation of flat top pulses from GS semiconductor lasers, using a 
polarization based Mach Zehnder interferometer with variable TF. The 
output pulse temporal profile is investigated theoretically as a function 
of the free spectral range and extinction ratio of the proposed 
interferometer, which are properly tuned by varying the two inter-
ferometer arms delay and the output coupling ratio, respectively. 
The applicability of the proposed technique to different devices 
and pulses is demonstrated experimentally with the generation of 
flat top pulses from a GS DFB laser and a GS VCSEL, both emitting 
in the 1550 nm region. The gain-switching parameters are varied 
for each device under study in order to test the flexibility of the 
proposed technique on a wide range of input pulse durations: 
from 40 ps (shortest FWHM from the GS DFB laser) to 100 ps 
(longest FWHM from the GS VCSEL). 
Flat top pulses are obtained with FWHM about 150% of the 
input pulse FWHM and with intensity oscillations in the flat top 
region smaller than 5% of the pulse peak. Power losses, intrinsic to 
the proposed amplitude spectral filtering technique have been 
measured, giving an attenuation of 67% of the input pulse 
intensity peak. 
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